Background: The 'Asia-Pacific Expert Panel (APEX) for donepezil 23 mg' met in November 2015 to review evidence for the recently approved high dose of donepezil and to provide recommendations to help physicians in Asia make informed clinical decisions about using donepezil 23 mg in patients with moderate-to-severe Alzheimer's disease (AD). Summary: In a global phase III study (study 326) in patients with moderate-to-severe AD, donepezil 23 mg/ day demonstrated significantly greater cognitive benefits versus donepezil 10 mg/day, with a between-treatment difference in mean change in the Severe Impairment Battery score of 2.2
Introduction
Alzheimer's disease (AD), a progressive neurodegenerative disorder, is a common cause of dementia worldwide. The rising prevalence and socioeconomic burden associated with AD poses significant challenges to patients, caregivers, and healthcare systems. In 2015, the estimated worldwide prevalence of dementia was 47 million; East Asia had the highest prevalence of dementia (9.8 million) , and four Asian countries -China, India, Japan, and Indonesia -had more than a million people living with dementia [1] . The prevalence of dementia is projected to double every 20 years to 131 million people living with dementia in 2050 [1] . China, India, and countries in South and Western Pacific Asia are set to experience a rapid growth in the number of people with dementia, driven by population growth and aging, exerting a mounting pressure on the healthcare systems [1, 2] .
Disease progression in AD places a significant burden not only on the person with AD and the family and caregivers, but also on society at large through the cost of care, with higher costs and burden associated with greater impairments [3, 4] . Factors such as a limited awareness of dementia and inadequate understanding of and resources for the management of dementia contribute to the burden in several regions in the Asia-Pacific; the costs associated with dementia in the Asia-Pacific are estimated to be USD 185 billion [4] . Of the total cost related to the management of AD, about three-fourths is incurred in the severe stages of AD, mainly due to institutionalization [5] . A recent study in Singapore demonstrated that the median annual cost of care for each community-dwelling patient with late-onset dementia was USD 8,396; this cost was significantly higher in young-onset dementia patients living in the community [6] . Thus, there is a need for more aggressive medical treatment of dementia to delay and reduce progression to more advanced stages of dementia.
Persistent symptomatic treatment at the moderate-to-severe stage of AD may improve the quality of life of the patient, ease caregiver stress, and alleviate the care costs [7] . Currently, approved pharmacological therapies for AD include the acetylcholinesterase inhibitors (AChEIs) rivastigmine, galantamine, and donepezil, and the N -methyl-D -aspartate receptor antagonist, memantine. Only donepezil (oral tablets) and rivastigmine (transdermal patch) are approved for use in all stages -mild, moderate and severe -of AD [8, 9] . This indicates a need for further treatment options which are effective through all stages of AD.
Recently, a higher-dose formulation of donepezil -a once-daily 23 mg tablet -was approved based on the results of a large, 24-week, randomized, double-blind study (study 326; ClinicalTrials.gov: NCT00478205) and is licensed for use in the United States, Hong Kong, South Korea, the Philippines, India, Singapore and Thailand [10] .
Methodology
Although donepezil 23 mg/day is licensed in six Asian countries, there are no available guidelines or recommendations for its use in Asian patients with moderate-to-severe AD. The objective of this article is to review the available evidence for donepezil 23 mg and to provide clinical recommendations to help treating physicians in the Asia-Pacific region in making informed decisions about using the higher dose of donepezil in patients with AD. The 'Asia-Pacific Expert Panel (APEX) for donepezil 23 mg ' includes 14 participants from seven Asian countries (India, Indonesia, the Philippines, Singapore, South Korea, Taiwan, and Thailand) and the United States; all participants are recognized experts in their respective countries. The APEX convened in November 2015 to assess the clinical evidence for donepezil 23 mg in conjunction with the clinical experience with its use in moderate-to-severe AD, and to provide recommendations to assist clinicians in the Asia-Pacific region in making treatment decisions. These recommendations were based on published literature, clinical trial experience, or practical experience in routine clinical practice; consensus was reached after discussions within the group.
Scientific Rationale for Donepezil 23 mg
Functional imaging studies have shown that doses of 5-10 mg of donepezil inhibit cortical AChE activity in vivo by only 20-40% [11, 12] . This finding supported the idea that the current dosing of AChEIs might not achieve the maximum inhibition of cortical AChE, suggesting that higher doses of donepezil would increase AChE inhibition, potentially resulting in improved efficacy. Further, larger cholinergic deficits have been demonstrated in brain tissue samples of patients with AD with more advanced symptoms [11, 13] , indicating that higher AChE inhibition may be required in these patients. In clinical trials, a dose-response relationship between benefits in cognition and a higher dose of donepezil has been demonstrated in patients with AD randomized to treatment with donepezil 5 or 10 mg/day, or placebo [14, 15] . The benefits of the higher dose of donepezil were most apparent in studies which included patients with more advanced AD [16] . In another study, once-daily donepezil 20 mg was found to be safe and well tolerated in subjects with mild-to-moderate AD who were stabilized on donepezil 10 mg/day [17] . These findings supported the development of donepezil 23 mg for patients with moderate-to-severe AD.
Efficacy and Safety of Donepezil 23 mg in Study 326
Clinical evidence for the efficacy and safety of donepezil 23 mg/day came primarily from study 326, a 24-week randomized, double-blind trial which evaluated the efficacy and safety of donepezil 23 mg/day compared with donepezil 10 mg/day in 1,467 patients with moderateto-severe AD [Mini Mental State Examination (MMSE) 0-20] from the Asia-Pacific region, Europe, North and South Americas, and South Africa [10] . Patients who were on a stable dose of donepezil 10 mg/day were randomized 2: 1 to either increase their dosage to donepezil 23 mg/day or to continue on the 10 mg/day dose. Primary outcome measures were the Severe Impairment Battery (SIB; cognitive function) and the Clinician's Interview-Based Impression of Change plus Caregiver Input Scale (CIBIC-plus; global function); secondary outcome measures included Alzheimer's disease Cooperative Study -Activities of Daily Living -severe version (ADCS-ADL-sev) and MMSE.
After 24 weeks, patients in the donepezil 23 mg/day treatment group demonstrated a statistically significant improvement in cognition on the SIB score compared with those on donepezil 10 mg/day, with a least-square mean difference between treatments for the change from baseline to week 24 of 2.2 points (p < 0.001; fig. 1 A) . In patients with more advanced AD, the between-treatment difference in change in SIB score was 3.1 (p < 0.001), which was greater than the difference seen in the overall population. No incremental benefits were seen with donepezil 23 mg/day over donepezil 10 mg/day on CIBIC-plus or the two pre-specified secondary outcome measures, ADCS-ADL-sev and MMSE. In an analysis of SIB scores in patients taking and not taking concomitant memantine, significant benefits in cognition were reported with donepezil 23 mg compared with donepezil 10 mg [18] .
Treatment emergent adverse events (TEAEs) were reported in more patients in the donepezil 23 mg/day treatment group compared with the donepezil 10 mg/day treatment group (74 vs. 64%; table 1 ); the majority of these events were mild-to-moderate in severity [10] . Cholinergic gastrointestinal (GI) events, such as nausea, vomiting, and diarrhea, were the most common TEAEs and also contributed most to early discontinuations; these AEs as well as discontinuations occurred most frequently in the first month of treatment in patients randomized to increase their dose of donepezil. Post hoc analyses revealed a higher incidence of TEAEs in patients in the lowest weight group ( ≤ 55 kg) [19] . Patients who completed study 326 were enrolled into an open-label extension study which evaluated the long-term safety and tolerability of donepezil 23 mg/day; all patients received donepezil 23 mg/day irrespective of the dose received in the double-blind phase [20] . No new safety signals were observed; patients in the donepezil 10-23 mg subgroup had a higher incidence of cholinergic TEAEs compared with those in the donepezil 23-23 mg subgroup; the majority of the TEAEs were mild-to-moderate in severity and were seen in the initial weeks of the study when the dose of donepezil was increased from 10 to 23 mg/day ( table 2 ) . Overall, the results from study 326 provided clinical evidence to support the use of a higher dose of donepezil in patients with moderate-to-severe AD to improve treatment outcomes. Further research to evaluate the effects of donepezil 23 mg on activities of daily living (ADL) as well as behavioral and psychological symptoms of dementia is warranted.
Efficacy and Safety of Donepezil 23 mg in an Asian Population
It is believed that interethnic differences are responsible for variations in pharmacokinetics and pharmacodynamics of drugs, resulting in differences in drug response [21] . Asia comprises several ethnic populations who may have different disease patterns [22] ; these heterogeneous populations may have physical and biological differences that could poten- tially influence drug response with respect to efficacy and safety. A subanalysis of study 326 was undertaken to ascertain the efficacy and safety of donepezil 23 mg/day in Asian patients with moderate-to-severe AD [23] . A total of 223 Asian patients with AD from India, South Korea, Taiwan, Singapore, and Hong Kong from the global study were included in the subanalysis [23] . Baseline demographics and clinical characteristics of the group of patients receiving donepezil 10 mg/day and those receiving 23 mg/day were similar ( table 3 ) . It is noteworthy that 50% of the subjects in both treatment groups had a low body weight (<55 kg). Donepezil 23 mg provided significantly greater cognitive benefits, as measured by the SIB score, compared with donepezil 10 mg in Asian patients with moderate-to-severe AD, with a similar between-group difference in the SIB score at 24 weeks (2.92; p = 0.028) as seen in the global study ( fig. 1 B) . There was no difference between the groups in global function measured by the CIBIC-plus scale.
In the Asian population, TEAEs associated with donepezil 23 mg were typically cholinergic and included nausea, vomiting, diarrhea, anorexia, headache, and dizziness ( table 1 ). More patients receiving donepezil 23 mg/day discontinued the study medication compared with those receiving donepezil 10 mg (42 vs. 19%); of these patients, 21% receiving donepezil 23 mg/day and 10% receiving donepezil 10 mg discontinued due to TEAEs. Most TEAEs leading to the discontinuation of the study medication occurred during the first month of the treatment. In the donepezil 23 mg group, the incidence of TEAEs was higher among patients with a lower body weight (<55 kg) at baseline.
The results of the subanalysis demonstrate that the benefits and risks associated with donepezil 23 mg/day versus donepezil 10 mg/day in Asian patients are comparable to those of the global study population. This subanalysis has some limitations: this was a post hoc analysis, and the study population included a small number of patients; the results are subject to careful interpretation. Large-scale, well-designed clinical studies in Asian populations will potentially confirm this result. Further, the impact of donepezil 23 mg on other aspects of dementia, such as the ADL and the behavioral and psychological symptoms of dementia, must also be evaluated in future studies. Values are means ± standard deviations or n (%).
Translation of Benefits Seen in Clinical Trials to Routine Clinical Practice
The progressive nature of AD means that the moderate-to-severe stages are characterized by progressively greater impairments in cognition and in the ability to engage in normal ADL and an increasing probability of behavioral disturbances [24, 25] . Improvement or even preservation of any aspect of cognition and ADL may be clinically meaningful to the patient and the caregivers and may postpone institutionalization. The APEX believes that this is extremely relevant in the Asian scenario, where the availability of professional nursing care varies between countries and most patients with dementia are cared for within the family and community [4, 26, 27] .
Treatment Response in Severe Cognitive Impairment
Several post hoc analyses of study 326 have been performed to further characterize the efficacy of donepezil 23 mg. A subgroup analysis assessing the impact of baseline severity on the effect of donepezil 23 mg/day on SIB domains in patients with moderate-to-severe AD reported significant treatment differences in favor of donepezil 23 mg/day over donepezil 10 mg/day across a range of domains, with the magnitude of the benefit and the domains impacted varying with the stage of AD ( fig. 2 ) [28] . In the analysis, most incremental benefits of treatment with donepezil 23 mg/day over donepezil 10 mg/day were observed in patients with more advanced disease at baseline (MMSE 0-16; fig. 2 B) .
Another post hoc analysis investigated the relationship between baseline demographics and cognitive response in patients treated with either donepezil 23 or 10 mg/day [29] . The cognitive benefits of donepezil 23 mg/day over donepezil 10 mg/day were observed irrespective of the patients' age, gender, weight, duration of prior donepezil 10 mg/day, and functional severity. However, baseline cognitive severity influenced treatment response depending on the level of impairment -cognitive benefits of donepezil 23 mg/day over donepezil 10 mg/ day were most apparent in patients with more severe impairment.
Impact on Language Function
With progressing disease severity, patients with AD often lose the ability to communicate, to express their needs for medical attention, and respond to caregivers, and this impacts their emotional and physical well-being; the loss of the ability to communicate is one of the most distressing factors in AD contributing to the declining quality of life of the patients [30, 31] . Preservation or improvement of language abilities is an important focus of treatment in AD.
In a post hoc subgroup analysis of study 326, SIB-language scale (SIB-L) and a new SIBderived language scale (SIB [lang]) were used to explore differences in the language function between the groups receiving donepezil 23 mg/day and those receiving 10 mg/day [32] . Patients with moderate-to-severe AD on donepezil 23 mg/day showed greater language benefits than those receiving donepezil 10 mg/day as measured by language assessment scores ( fig. 3 ). This improvement in the language domain may be clinically meaningful to patients with AD, particularly those in the advanced stages of the disease, and their caregivers in terms of the improvement in or preservation of the communication potentially translating to an improvement in the quality of life of patients and easing the caregiver burden [30] . The reason behind the greater impact of donepezil 23 mg/day on the language function compared with the lower doses was not explored in the post hoc analysis. However, several direct and indirect reasons can be hypothesized, including the higher dose of donepezil leading to a greater enhancement of cholinergic function in regions of the brain specifically controlling speech and language or in regions controlling other cognitive processes, such as attention and memory (which could potentially impact a patient's language ability) [32] .
Assessment of Benefits in Clinical Practice
The APEX noted that from their experience in routine clinical practice, appreciable cognitive benefits were observed with donepezil 23 mg, particularly in patients with more advanced AD. However, the assessment of benefits in clinical practice can be challenging. The MMSE and Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-cog) are frequently used for measuring cognition in clinical settings. The MMSE and ADAS-cog are known to have 'floor' effects in patients with advanced AD [33] . Also, factors such as education and cultural background may impact the sensitivity and validity of the assessment of treatment effects with the MMSE [33] . The cognitive benefit of pharmacologic treatment may not be clearly seen if these tests are used in the evaluation of patients in the clinics. The SIB, commonly used to evaluate the therapeutic efficacy in cognition in clinical studies, was used to assess cognition in study 326 [10] . The SIB was created to allow assessment of cognition in later AD stages; it relies on measuring the preserved abilities in various cognitive domains, such as social interactions, memory, orientation, and language, and may be a useful instrument for use in routine clinical practice [34] . The SIB-L, a version of the SIB based on the language domain, can help clinicians in analyzing language and communication skills in patients with moderate-to-severe dementia [35] . The SIB, however, is not routinely used in clinical practice. Additionally, the importance of caregivers' reports on perceived or actual benefits should not be underestimated; a detailed caregiver interview can also assist in assessing cognition in patients with moderate-to-severe dementia.
Donepezil 23 mg in Clinical Practice

Patient Selection
In Asia, donepezil 23 mg/day is licensed in Hong Kong, South Korea, the Philippines, India, Singapore, and Thailand for use in patients with a diagnosis of moderate-to-severe AD who have been on a stable dose of donepezil 10 mg/day for at least 3 months. Given the evidence and the clinical experience of the panel members, patients with more severe cognitive impairment are expected to experience the most clinical benefit with the higher dose of donepezil. It can be administered concomitantly with memantine; in patients taking memantine, donepezil can be added and then up-titrated to 23 mg, or memantine can be added to donepezil 10 mg before up-titrating the dose to 23 mg ( fig. 4 ). Caution is advocated when using donepezil 23 mg in patients with a low body weight (<55 kg), a history of GI bleeding, and atrioventricular block. In patients with AD with a pacemaker and in patients on beta blockers, management in consultation with a cardiologist may be advisable. Clinicians should be aware that patients who have experienced side effects while making the transition from donepezil 5 to 10 mg/day may be expected to experience similar difficulty when up-titrating to 23 mg/day.
Mitigating Side Effects
Patients enrolled in study 326 had been on lower donepezil doses for an average time of 2 years, i.e. they were not de novo patients. A common observation in several Asian countries is that many patients first present to the clinicians when dementia is already in the moderateto-severe stage; in Korea, a study reported that the mean duration from the onset of first symptoms to the time of diagnosis was 2.8 years [36] . Donepezil dose escalation in these de novo patients could be challenging given the increased incidence of GI side effects observed when increasing the daily dose of donepezil from 10 to 23 mg/day in study 326 [10] . However, in the experience of the members of the APEX and as seen in study 326, these side effects seldom persist beyond a 1-month period. Using stepwise titration strategies for escalating donepezil doses may address the GI side effects during the transition, thereby driving adherence to treatment. These titration strategies could potentially involve increasing the dose of donepezil from 10 to 23 mg over a 1-to 2-month period by taking one 10-mg tablet plus one 5-mg tablet once daily for 1 month followed by 23 mg once daily or a 10-mg tablet and a 23-mg tablet on alternating days [37] . A study in South Korea has been designed to determine the optimal dose escalation strategy for successfully up-titrating to 23 mg donepezil (ODESA; ClinicalTrials.gov: NCT02550665) [38] ; results from this study will provide further insights into up-titrating with minimal side effects.
Managing Caregiver Expectations
In patients with moderate-to-severe AD, the quality of life is paramount to the family and the caregivers. Improvement in the language domain of cognition, as demonstrated by study 326 [10] , can translate into an everyday benefit for the patient and the caregiver by easing caregiver burden and improving the patient's quality of life. Open and consistent communication with patients and caregivers, focusing on the expected side effects upon dose escalation, the transient nature of these side effects and ways to counter them, and the benefits of persisting with therapy, will help in managing patient and caregiver expectations. Caregivers are central to managing compliance with therapy; clinicians must help the patients and caregivers understand the importance of persisting with the strategy adopted for stepwise dose escalation and reaching an optimal therapeutic dose of donepezil [39] . Apart from pharmacological therapy, diet and exercise, cognitive stimulation and training, management of behavioral disturbances, and monitoring the health of caregivers are also important for the successful management of patients.
In Asia, managing caregiver expectations is particularly important, given the central role they play in the management of patients with AD, even those with severe impairments. In the experience of the expert panel, although AD is a progressive disease, the importance of preserving cognitive abilities for as long as possible cannot be underestimated. Family and caregiver expectations should be managed by properly communicating attainable outcomes that are easily understood. Additionally, outcome parameters conveyed to caregivers should be real-life benefits that they can experience, such as the patient's ability to do basic household chores, participate in family activities, and communicate with family members. Such observable outcomes will be more meaningful to the caregivers.
Patients with Severe AD -Stop Treatment or Continue?
There is a lack of clear guidelines for discontinuation of medication in patients with advanced AD. In these patients, the cognitive benefits of therapy may be perceived as slight, influencing the decision to discontinue treatment. However, even slight benefits in patients with moderate-to-severe AD could potentially translate into a positive impact on the lives of the patients and caregivers. There is evidence to suggest a long-term benefit from patients with AD staying on medication, as indicated by a delay in nursing home admission [40] [41] [42] . DOMINO-AD, a randomized, double-blind study in patients with moderate-to-severe AD, demonstrated that withdrawal of donepezil increased the risk of nursing home placement in 12 months [40] . Institutionalization is often considered a negative determinant of quality of life; the decrease in the quality of life after nursing home placement, in conjunction with the cost associated with institutionalization, should be an incentive to continue treatment in patients with moderate-to-severe AD, even when the perceived benefits are small.
In the experience of the expert panel, it is important to make individualized decisions about treatment discontinuation, taking into account patients', caregivers', and societal perspectives. The expert panel concluded that in the context of the benefits seen with donepezil 23 mg in patients with moderate-to-severe AD, it may be worthwhile to continue medication in patients with severe AD to keep them within the community.
Conclusion
In most countries in the Asia-Pacific region, patients with AD are typically cared for within the family. The cultural practice of the family being the primary caregiving resource combined with the disparity in the availability of professional nursing care/institutions places a significant burden on caregivers [4, 26, 28] . In this context, maintenance or preservation of cognitive functions and ADL in patients with AD for as long as possible is essential. Donepezil 23 mg/day has demonstrated significantly greater cognitive benefits than donepezil 10 mg/day in a global clinical study, with typically GI AEs which occurred most frequently in the first month after starting therapy. Similar efficacy and safety results have been reported in a subanalysis of this global study conducted in Asian patients with moderateto-severe AD. Table 4 summarizes the recommendations of the APEX for the use of donepezil 23 mg in patients with moderate-to-severe AD. Overall, donepezil 23 mg is a valuable treatment option for patients with AD, particularly those with advanced disease who are expected to experience the maximum benefit.
